A total of 105 male Japanese quails (153.2 ± 10.21 g) (Cortunix cortunix japonica) were reared in an environmentally controlled house to investigate the effect of inclusion of Lippia javanica leaf meal on growth performance, haematological and serum biochemical parameters, and carcass and meat quality characteristics. The quails were randomly allocated to 15 pens, with each pen holding 7 quails. Pens were then randomly allocated to the following experimental diets: 1) commercial grower diet without antibiotics [NegCon]; 2) commercial grower diet with antibiotics, coxistac and olaquindox [PosCon]; and 3) commercial grower diet without antibiotics in which L. javanica was included at the rate of 25 g/kg [Ljav25]. Experimental diets and fresh water were offered ad libitum. Weekly feed intake and body weights were recorded to calculate feed conversion efficiency (FCE). At 9 weeks of age, quails were slaughtered at a local poultry abattoir for assessment of blood parameters, carcass and meat quality characteristics. Repeated measures analysis showed no significant week × diet interaction effect on average weekly feed intake (AWFI), average weekly weight gain (AWG) and FCE. Diet had no significant influence on AWFI, AWG, FCE, and haematological parameters. There was no dietary effect on overall FI, overall WG and overall FCE. Alanine transaminase (ALT) was the only serum biochemical parameter influenced by diet. Quails offered Ljav25 had higher ALT content (56.83 u/L) than those offered PosCon (18.0 u/L). Diets had no significant impact on carcass characteristics and internal organs, except for gizzard weights. Immediately after slaughter, diets caused no effect on meat quality parameters, except meat lightness (L*), whereas at 24 h post slaughter, diets had significant impact on meat yellowness (b*). No dietary variation was observed for peak positive force (PPF) values of quail meat. NegCon diet promoted the least cooking losses (16.51%) when compared to PosCon and Ljav25 diets, which significantly did not differ. It was concluded that inclusion of L. javanica in quail diets at 25 g/kg feed promoted similar growth performance, health status, and carcass and meat quality traits as the commercial grower diet containing antibiotics. Lippia javanica leaf meal, therefore, has potential as an alternative to antibiotic growth promoters in Japanese quails.
Introduction
Japanese quails (Coturnix coturnix japonica) have recently emerged as new entrants into the poultry industry in many countries around the world (Ayaşan, 2013; Khosravi et al., 2016) . Recently, quails have been shown to have several attributes such as resistance to disease, tolerance to harsh environmental conditions, early sexual maturity and fast growth rates (Sarıçiçek et al., 2005; Ayaşan et al., 2011; Khosravi et al., 2016; Cong et al., 2017) . These attributes make the quail a suitable bird species for intensive food production. This has prompted intense efforts to improve their production and thus ensure sufficient nutrition for a fast-growing human population. In order to ensure that quails receive adequate nutrition, they are mostly reared in intensive production systems to enable the birds to express their full genetic potential for growth and performance. The drawback of intensive production system include high feed (and other inputs) costs as well as possible outbreaks of diseases. Faced with these two challenges, quail farmers may resort to the use of antibiotic growth promoters (AGPs) (Landy et al., 2011) . The use of feed additives, specifically AGPs, has largely been proven to promote feed utilisation, gut health, and to improve weight gain and conversion of feed into body mass (Dibner & Richards, 2005) . Wallace et al. (2010) also reported that inclusion of AGPs in poultry diets controls intestinal pathogens and increases weight gain. However, their continued use has attracted unprecedented resistance from consumers and other stakeholders, leading to bans being enforced in several countries (Aarestrup, 2003) . Unfortunately, AGPs not only contribute to high cost of production in the poultry industry but also induce strong public concerns of antibiotic residues in meat. The use of commercial AGPs has also been implicated in the development of pathogenic bacterial resistance (Phillips et al., 2004; Toghyani et al., 2010) , which have resulted in their ban in Sweden in 1986 and the European Union in 1997 (Aarestrup, 2003; Kocher & Choct, 2008) . Phytogenic feed additives have recently gained interest for use as alternatives in poultry diets (Windisch et al., 2008) . There is, therefore, a dire need to identify and evaluate plant-based alternatives to antibiotic growth promoters that can be utilized to enhance growth performance and the quality of meat in Japanese quails.
One such possible alternative is Lippia javanica, an indigenous plant with potential health benefits, in addition to being a source of nutrients. According to Windisch et al. (2008) , essential oils and phenolic compounds tend to be the active ingredients of medicinal plants. Indeed, there is evidence that L. javanica has been used as an ethno-veterinary drug to treat a wide array of livestock infections in communal areas (Muyima et al., 2004) . Viljoen et al. (2015) reported that the essential oils of the aerial parts of Lippia have antimicrobial activity against Klebsiella pneumoniae, Bacillus cereus and Cryptococcus neoformans. Fever tea, as it is commonly known, contains secondary plant metabolites such as terpenoids, essential oils, alkaloids, lectins and polypeptides that have been shown to possess analgesic, anti-inflammatory and antipyretic activities (Abena et al., 2003) . These compounds have been shown to inhibit Escherichia coli, Bacillus subtilis and Staphylococcus aureus (Manezhe et al., 2004) . A few studies have attempted to use L. javanica as a natural antibiotic that can be used as an alternative to commercial antibiotic growth promoters (Toghyani et al., 2010; Mpofu et al., 2016) but no such reports exist in Japanese quails. In other studies, Lippia javanica has been reported to positively impact meat quality, in general, and unsaturated fatty acids composition of meat, in particular (Sreelatha & Padma, 2009; Qwele et al., 2013; Mpofu et al., 2016) . It is, therefore, important to evaluate L. javanica as an alternative to AGP in Japanese quails diets in order to reduce dependency on AGPs and thus ensure sustainable food and nutrition security and safety for the growing human population. This study was, thus, designed to investigate the effect of including L. javanica leaf meal as a dietary additive, on growth performance, haemo-biochemical parameters, carcass characteristics and meat quality attributes of male Japanese quails. The study tested the null hypothesis that supplementation with L. javanica leaf meal does not affect growth performance, haemo-biochemical parameters, carcass characteristics, and meat quality in male Japanese quails.
Materials and methods
Lippia javanica was hand-harvested at Mafikeng game reserve located in the semi-arid region of the North-West province, South Africa (25°84'00'' S, 25°62'33''E). The game reserve is 1762 m above sea level with annual rainfall ranging from 300 -600 mm; in general the most rain fall is likely to occur during summer between November and March. The temperatures around the area range from 3 -37 °C. The soil type differs across the game reserve from red sandy to clay.
Harvesting was done from an area measuring 250 m 2 . Harvested leaves were then spread on open floors and dried at room temperature until constant weight. Dried leaves were thereafter ground to pass through a 1 mm sieve to produce L. javanica leaf meal, which was used to formulate an experimental diet.
The study consisted of three experimental diets, which were formulated by supplementing a commercial grower diet purchased from Opti feeds (PTY) LTD (Lichtenburg, North-West province) with L. javanica leaf meal. The 3 experimental diets were formulated using Format ® as follows: (1) a negative control made up of the commercial grower diet without prophylactic antibiotics (coxistac and olaquindox), abbreviated as NegCon: (2) a positive control made up of the commercial grower diet with the antibiotics coxistac and olaquindox (PosCon): (3) commercial broiler diet without the prophylactic antibiotics but supplemented with 25 g/kg L. javanica (Ljav25) ( Table 1) .
The L. javanica and formulated experimental diets (NegCon, PosCon and Ljav25) were analysed using the methods of AOAC International (AOAC, 2005) for Laboratory dry matter (DM; AOAC method no. 930.15), organic matter (OM; AOAC method no. 924.05). Total nitrogen was determined by the standard macro-Kjeldahl method (N; AOAC method no. 984.13) and was converted to CP by multiplying with the factor 6.25. Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined using the ANKOM 2000 Fibre analyser (ANKOM Technology, New York) according to van Soest et al. (1991) . Mineral matter was analysed following Agri Laboratory Association of Southern Africa guidelines (AgriLasa, 1998) . 
The L. javanica and formulated experimental diets (NegCon, PosCon and Ljav25) were analysed using the methods of AOAC International (AOAC, 2005) for Laboratory dry matter (DM; AOAC method no. 930.15), organic matter (OM; AOAC method no. 924.05). Total nitrogen was determined by the standard macro-Kjeldahl method (N; AOAC method no. 984.13) and was converted to CP by multiplying with the factor 6.25. Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined using the ANKOM 2000 Fibre analyser (ANKOM Technology, New York) according to van Soest et al. (1991) . Mineral matter was analysed following Agri Laboratory Association of Southern Africa guidelines (AgriLasa, 1998).
The experiment was reviewed and approved by the Animal Research Ethics Committee, Mafikeng Campus (AREC-MC) (NWU-00521-16-A9). One hundred and five, one-week old male Japanese quails were acquired from A & J Services Farm, Palmietfontein, South Africa. The quails were reared using a starter mash (Optifeeds (PTY) LTD, Lichtenburg, North-West province) and had access to fresh water until 4 weeks of age. At 4 weeks of age, the quails were randomly allocated to 15 pens, with each pen holding 7 quails. The 3 experimental diets were randomly allocated to the pens and the quails were reared until they were 9 weeks old. The quails were allowed to adapt to the pens and diets for a week before the start of the feeding trial. The experimental unit was the pen holding 7 males each, which was replicated 5 times per dietary treatment.
Dietary treatments and water were provided ad libitum and average daily feed intake per bird was measured from week 5 to week 9 of age by subtracting the weight of the feed refusals from that of the feed offered per day, and dividing the difference by the total number of quails in the pen. Average weekly feed intake (AWFI) was calculated as the difference between the feed offered and the refusals. Quails were weighed at the beginning of the experiment, which was the first day of week 5. Thereafter, average liveweight was measured weekly by weighing all the quails in each pen and dividing the weight by the number of birds in each pen. Average weekly weight gain (AWG) was calculated as follows:
Where: t 0 = initial time; T = final time; W (T) = final body weight (g), and W (t 0 ) = initial body weight (g).
The live-weights were used to calculate weight gain. Weekly and overall feed conversion efficiency was calculated as weight gained divided by feed consumed.
At 9 weeks of age, all male Japanese quails were deprived feed for a period of 13 hours to ensure the emptiness of the crop as guided by Ari et al. (2013) . All quails were taken to Rooigrond chicken abattoir (North-West province, South Africa) for slaughter. At the abattoir, all the quails were live-hanged and jammed onto a movable metal rack that holds them upside down by their feet on the rail and thereafter stunned. Quails were then slaughtered by cutting the jugular vein with a sharp knife and they were left hanging until bleeding stopped. Concurrently, about 4 mL of blood was collected using syringes immediately from 2 quails randomly selected from each pen into two sets of sterilised bottles (purple-top tubes with anti-coagulant for haematology and red-top tubes without anticoagulant for serum biochemical analysis). Haematological parameters (erythrocytes, haemoglobin, haematocrit, mean corpuscular volume (MCV), and mean corpuscular haemoglobin (MCH)) were determined using an automated IDEXX LaserCyte Haematology (IDEXX Laboratories, Inc.). Mean corpuscular haemoglobin concentration (MCHC) was calculated as the ratio between the mean corpuscular haemoglobin (MCH) and the mean corpuscular volume (MCV). Albumin, alkaline phosphate, alanine transaminase, amylase, blood calcium, serum cholesterol, creatinine, globulin, blood glucose, lipase, blood phosphorus, total bilirubin, total protein and urea were analysed using an automated IDEXX Vet Test Chemistry Analyser (IDEXX Laboratories, Inc.).
Upon completion of bleeding the quails were put in a de-feathering machine. Afterwards, carcasses were immediately taken to the Animal Science laboratory for carcass measurements and meat quality parameters. Weights of the livers, clean gizzard, hearts, and length of small intestines were determined. Hot carcass weight (HCW) was measured before the carcasses were chilled for 24 hours to acquire the cold carcass weight (CCW). The dressing out percentage was determined as the proportion of HCW on slaughter weight. Initial meat pH was recorded immediately after slaughter whereas ultimate meat pH was measured 24 hours post slaughter on the breast muscle (central area of the breast) using a Corning Model 4 pHtemperature meter (Corning Glass Works, Medfield, MA) equipped with an Ingold spear-type electrode (Ingold Messtechnik AG, Udorf, Switzerland). Colour of the meat (L* = Lightness, a* = Redness and b* = Yellowness) was determined immediately after slaughter and also 24 hours after slaughter, using a Minolta colour-guide (BYK-Gardener GmbH, Geretsried, Germany), with a 20 mm diameter measurement area and illuminant D65-day light, 10° observation angle. The colour meter was calibrated using the green standard before measurements. Colour recording was done on the surface of the thigh muscle, which was allowed to bloom for 1 hour on a polystyrene tray at 4 °C. Hue angle was calculated as tan -1 ( ⁄ ), and Chroma was calculated as the square root of a* 2 + b* 2 as guided by Priolo et al. (2002) . After weighing, breast samples were placed in an oven set at 130 °C for 20 min for determination of cooking loss. The following formula was employed:
After determination of cooking loss, breast samples were sheared perpendicular to the fibre direction using a Meullenet-Owens razor shear blade mounted on an Universal Instron apparatus (cross head speed = 200 mm/minute, one shear in the centre of each core). The reported value represented the average positive peak force measurements of each sample.
All reported parameters were tested for normality using the NORMAL option in the Proc Univariate statement before being subjected to analysis of variance. Weekly feed intake, weight gain and feed conversion efficiency data were analysed using the repeated measures procedure of SAS (2010). The following statistical linear model was employed:
µ = population mean, D i = effect of diets, W j = effect of week, (D×W) ij = effect of interaction between diets and week, E ik = random error associated with observation ik, assumed to be normally and independently distributed.
The effect of experimental diets on overall feed intake, overall weight gain, overall feed conversion efficiency, blood parameters, carcass characteristics, and meat quality data were analysed using the general linear model procedures of SAS (2010) . The linear statistical model employed was as follows:
Where: Y ik = dependant variable, µ = population mean, D i = effect of diets, and E ik = random error associated with observation ik, assumed to be normally and independently distributed.
For all statistical tests, significance was declared at P <0.05. Least squares means were compared using the probability of difference (pdiff) option in the lsmeans statement of SAS. Table 2 indicates that adding Lippia javanica to the commercial grower diet increased its fibre content. Repeated measures analysis showed no significant (P >0.05) week × diet interaction effect on feed intake, weight gain and feed conversion efficiency (FCE). The effect of experimental diets on AWFI, AWG, and FCE is shown in Table 3 . For the entire duration of the study, diet had no significant influence on AWFI, AWG, and FCE.
Results
Similarly, there was no dietary effect (P >0.05) on overall feed intake, overall weight gain and FCE for the entire duration of the study (Table 4) .
For haematological parameters, Table 5 indicates that diet had no influence (P >0.05) on erythrocytes, haemoglobin, haematocrit, mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC) of Japanese quails. The effects of diets on serum biochemical constituents are shown in Table 6 . Experimental diets had no effect (P >0.05) on all serum biochemical parameters, except for alanine transaminase (ALT). Quails offered Ljav25 had higher ALT content (56.83 µ/L) than those offered PosCon (18.0 µ/L). However, NegCon and PosCon diets were shown to promote similar (P >0.05) ALT content while quails offered NegCon also had similar ALT content as those offered Ljav25 (P >0.05). Table 7 indicates the effect of experimental diets on carcass characteristics and internal organs of Japanese quails. With the exception of gizzard weights, diets had no effect on carcass characteristics and internal organs. Supplementation with L. javanica had the same (P >0.05) effect on gizzard weights of Japanese quails as PosCon. Quails offered diet NegCon had higher gizzard weight (3.47 g) when compared to those offered PosCon and Ljav25, which did not differ (P >0.05). The effect of diets on meat quality parameters of Japanese quails is presented in Table 8 . The experimental diets caused no significant variation in meat quality parameters, except for meat lightness (L*), immediately after slaughter. Quails offered NegCon had lower L* (46.2) than those offered PosCon and Ljav25, which did not differ (P >0.05). Table 8 shows the effect of diets on meat quality parameters 24 h post slaughter of Japanese quails. Experimental diets had no influence on meat quality parameters, except on meat yellowness (b*). Quails offered Ljav25 had higher meat yellowness (6.39) than those offered NegCon and PosCon, which did not differ (P >0.05).
The effect of experimental diets on cooking loss and peak positive force are shown in Figure 1 . Diets had no influence on PPF values but affected cooking losses of Japanese quail meat. NegCon diet had the lower cooking losses (16.51 %) when compared to PosCon and Ljav25, which did not differ (P >0.05). 
Discussion
The current study was conducted to evaluate L. javanica leaf meal as a natural antibiotic growth promoter in place of commercial antibiotics in Japanese quails' diets. Repeated measures analysis showed no significant week × diet interaction effect on average weekly feed intake (AWFI), average weekly weight gain (AWG) and feed conversion efficiency (FCE), suggesting that the ability of the quails to utilise the different experimental diets was not influenced by age. The inclusion of L. javanica leaf meal promoted similar feed intake as the control diets, suggesting that although the NDF and ADF content of L. javanicabased diet was higher than the negative and positive control diets, this did not negatively influence feed intake as would be expected at higher fibre inclusion rates. However, considering that the inclusion level of Lippia was only 2.5%, it is unlikely that the fibre content would have induced any influence on feed intake. As reported by Sarıçiçek et al. (2005) , higher fibre levels may reduce voluntary feed intake in simple nonruminants whose ability to utilise fibrous diets is limited. In contrast with the findings of this study, Mpofu et al. (2016) found that diluting a commercial grower diet with L. javanica reduced feed intake in broilers. This discordance might be due to differences in the genetic potential of the bird species with quails showing greater capacity to utilise fibre.
Antibiotic growth promoters are well-known to improve nutrient utilization by the host, modulate the immune system, stimulate beneficial bacteria, and direct reduction of pathogens (Kocher & Choct, 2008) . In terms of overall feed intake, overall weight gain and FCE, L. javanica promoted similar performance as the control diet containing conventional AGPs as well as the negative control. The similarity of the Lippia-based diet to the negative control diet (without antibiotics) was not expected, but could be due to the fact that the experiment was started when the quails had reached 5 weeks of age, which was enough time for them to have developed strong immunity as they are known to grow and develop rapidly. Haematological profile in animals is an important indicator of physiological or pathophysiological status of the body (Khan & Zafar, 2005) . Dietary treatments had no significant impact on haematological parameters of Japanese quails, which fell within the normal range for quails, suggesting that adding L. javanica to quail diets did not negatively influence the physiological status of quails. Similarly, inclusion of Lippia in quails' diet had no significant effect on all serum biochemical parameters, except for alanine transaminase (ALT). The Lippia-based diet promoted ALT levels similar to those in negative control quails while the positive control quails had lower levels. As reported by Evans (2009) , levels of ALT may be increased in cases of hepatitis, congestive heart failure, and liver or biliary duct damage. It is not clear what caused the elevation of ALT in quails offered L. javanica-based diet and those offered the negative control diet even though liver weights tended (P >0.05) to be larger in Lippia supplemented quails. The aminotransferases, AST and ALT, are normally contained within liver cells and are released into the blood when liver cells are damaged. Dietary treatments had no negative impact on liver weights, an indication that L. javanica does not contain large quantities of antinutritional compounds that require detoxification. The liver is a source of many proteins, and liver function is often evaluated by measuring total serum protein, albumin, and globulin levels (Evans, 2009 ). Increased plasma amylase and bilirubin is also indicative of tissue damage in liver (Evans, 2009) while creatinine is a more reliable indicator of renal function, which were all not significant in this study. Braun et al. (2010) also added that the aminotransferase is elevated in serum under conditions of significant cellular necrosis and is used as a measure of liver function. The fact that Lippia-based diet promoted similar levels of all these biochemical parameters as the positive control is further testimony that L. javanica leaf meal is safe to use as a feed additive in Japanese quail diets. Diets had no impact on serum urea concentrations in our study, indicating functional kidneys.
With the exception of gizzard weights, diets did not influence carcass characteristics and internal organs. Supplementation with L. javanica had the same (P >0.05) effect on gizzard weights of Japanese quails as PosCon. Although, diet Ljav25 was expected to promote larger gizzard weights, due to increased fibre levels (Table 2) , as a mechanism for the quail to cope with higher levels of harder-to-digest fibre components. This result contradicts the findings by Mpofu et al. (2016) , who observed higher proventriculus and gizzard weights as well as longer small intestines in broilers fed L. javanica at the rate of 12 g/kg. The differences could be because the inclusion of Lippia was lower in the current study. Quails offered the negative control diet had lower L* value (46.2) than those offered the positive control and Lippia-based diets, which was against our expectations and the findings of Mapiye et al. (2011) that phytogenic plants may promote lighter meat colour. Quails offered the Lippia-based diet had higher meat yellowness (6.39) than those offered the two control diets, this can be attributed to the presence of pigments, including carotene in the green leaves of Lippia, which suggests that feeding Lippia instead of AGPs can increase meat flavour and increase the amount of vitamin A in the meat. Diets had no significant influence in PPF values of male Japanese quails, suggesting that substituting AGPs with L. javanica did not negatively affect meat texture.
Conclusions
The inclusion of L. javanica in quail diets at 25 g/kg feed promoted similar growth performance, health status, and carcass and meat quality traits as the commercial grower diet containing antibiotics. Lippia javanica leaf meal, therefore, has the potential to be used as an alternative to antibiotic growth promoters in Japanese quails.
